MOO  HU  Ml 


'VV'T'-V*  V'T'T." 


». ■'.v. r'  v  r*v 


AD-A141  135 

> 


> 

TECHNICAL  REPORT  8308 


TERTIARY  TREATMENT  OF  EFFLUENT  FROM  HOUSTON  AAP 
INDUSTRIAL  LIQUID  WASTE  TREATMENT  FACILITY 
IV.  ULTRAVIOLET  RADIATION  AND  HYDROGEN  PEROXIDE  STUDIES: 
TNT,  RDX,  HMX,  TAX,  AND  SEX 


w 

tv 

V 


CHARLES  I.  NOSS,  Sc.D. 

RALPH  H.  CHYREK 

Prepared  for 

US  ARMY  ARMAMENT  RESEARCH  AND  DEVELOPMENT  CENTER 

DOVER,  NJ 

U  S  ARMY  MEDCAL  BIOENGNEmNG  RESEARCH  &  DEVELOPMENT  LABORATORY 
Fort  Detrick 

Frederick.  Maryland  21701 


V 


wi~,?'.\'.K’.''.mj?\'ii.'y.'K’-j.'Trr- 


NOTICE 


Disclaimer 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorized 
documents . 

Disposition 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it  to  the 
originator. 


SECURITY  CLASS!  FlCATION  OP  THIS  A  AOS  <**•»  Dele  Entered) 


REPORT  DOCUMENTATION  PAGE 


i.nairmi. 


TECHNICAL  REPORT  8308 


4.  TITLE  (md  Subtitle) 

TERTIARY  TREATMENT  OF  EFFLUENT  FROM  HOLSTON  AAP 
INDUSTRIAL  LIQUID  WASTE  TREATMENT  FACILITY 
IV.  ULTRAVIOLET  RADIATION  AND  HYDROGEN  PEROXIDE 
STUDIES:  TNT,  RDX,  HMX,  TAX,  AND  SEX 


7.  AUTHOR!*; 

Charles  I.  Noss,  Sc.D. 
Ralph  H.  Chyrek 


S.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Medical  Bioengineering  Research  and 
Development  Laboratory,  ATTN:  SGRD-UBG 
Fort  Detrick,  Frederick,  MD  21701 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Medical  Research  and  Development  Command 
ATTN:  SGRD-RMS 

Fort  Detrick,  Frederick,  MD  21701 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  CATALOG  NUMBER 


type  of  report  s  period  covered 
Technical  Report 
Feb  1983  -  Aug  1983 


PERFORMING  ORO.  REPORT  NUMBER 


ONTNACT  OR  ORANT  NUMBER!*; 


■  PHOGRAM  ELEMENT.  PROJECT,  TASK 
AREA  *  WORK  UNIT  NUMBERS 

62720A 

1L162720D048 


IS.  REPORT  DATE 

29 


IS.  NUMBER  OF  PAGES 

March  1984 


NAME  4  ADDRESS!!/  dltterent  Item  Cantnlllnt  Otllce)  IS.  SECURITY  CLASS.  !o/  Ml*  report; 

UNCLASSIFIED 


•’•1  i’l'I. f 1»]| 


s.  DISTRIBUTION  STATEMENT  !«!  tftia  Report) 


Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (at  the  ebetraet  entered  In  Bleak  30,  II  dllletmt  treat  Report) 


IS.  KEY  WORDS  (Continue  on  rereree  aide  II  ne 

HMX  SEX 

Hydrogen  peroxide  TAX 

Photolysis  TNT 

RDX  /  Ult 


1  and  Identify  by  bleak  number) 


SEX 

TAX 

TNT 

Ultrasound 


H  AM  TRACT  fCMUM  cm  rocotm  «Mi  if  nmcmwmmy  M  Identity  by  block  nttmbot) 

4/ Destruction  of  TNT,  RDX,  HMX,  SEX,  and  TAX  by  ultraviolet  (UV)  radiation 
and  hydrogen  peroxide  has  been  studied  in  the  batch  mode.  Ultraviolet 
radiation  was  effective  for  degrading  all  compounds  when  treated  together. 

When  treated  individually  with  UV  radiation,  only  TNT  persisted.  Hydrogen 
peroxide  did  not  react  with  any  of  the  munitions.  However,  UV  radiation  in 
combination  with  0.01  percent  hydrogen  peroxide  increased  the  rate  of  destruc¬ 
tion  for  each  compound.  — _  •-> 


EDITION  OF  I  NOV  BS  IS  OBSOLETE 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  !■ 


>  Data  Entered) 


-  s^* 


s  w-v»’Y«v;  .^  ;'T t'ir'.'».' 


UNCLASSIFIED _ 

igcumry  classification  op  thu  paokiwii  dm*  «»Ml 


20.  Abstract  -  continued 

-'^"''Hydrogen  peroxide  concentrations  greater  than  0.1  percent  were  Inhibitory 
due  to  peroxide  absorption  of  UV  radiation.  Likewise,  increases  in  Initial 
TNT  concentrations  caused  increases  in  absorbed  UV  radiation,  thereby 
decreasing  munitions  degradation. 

Metal  catalysis  of  hydrogen  peroxide  treatment  of  munitions  provided  no 
benefit.  Ultrasound  cavltational  processes  did  not  increase  munition 
degradation  rates  when  used  in  conjunction  with  ultraviolet  radiation. 

Combined  ultraviolet-hydrogen  peroxide  treatment  was  effective  for 
treating  mixed  munitions  wastewater.  In  actual  waste  streams,  increased  TNT 
concentrations  may  reduce  degradation  rates.  When  TNT  is  the  predominant 
compound  in  the  waste  stream,  addition  of  0.01%  hydrogen  peroxide  is 


recommended  to  facilitate  degradation.^^ 


UNCLASSIFIED 

SKCURITY  CLASSIFICATION  OF  THIS  PAOeflWi*n  £>«•  Bnltttd) 


;\*u ........ 


PREFACE 


This  research  was  performed  by  Dr.  Charles  Noss  and  Mr.  Ralph  Chyrek  and 
is  a  continuation  of  the  studies  performed  by  Dr.  W.D.  Burrows  and  E.A. 
Kobylinski  under  RAD  project  No.  1L162720D048,  requested  by  Large  Caliber 
Weapons  Systems  Laboratory,  US  Army  Armament  Research  and  Development  Center, 
Dover,  NJ,  titled,  "Tertiary  Treatment  of  Holston  AAP  Industrial  Liquid  Waste 
Treatment  (ILWT)  Effluent,"  with  Mr.  Bossie  Jackson,  Jr.,  Energetic  Systems 
Process  Division,  serving  as  Project  Officer.  This  study  was  a  part  of  the 
DARCOM  Pollution  Abatement  and  Environmental  Control  Technology  Program 
conducted  by  the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency,  Aberdeen 
Proving  Ground,  MD.  High  performance  liquid  chromatography  (HPLC)  was 
performed  at  USAMBRDL  by  Mr.  Ernst  E.  Brueggemann. 
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INTRODUCTION 


Holston  Army  Ammunition  Plant  (HSAAP)  will  produce  125  million  gallons  of 
wastewater  per  day  at  full  mobilization.  The  current  design  of  a  Military 
Construction  Army  (MCA)  project  for  the  Industrial  Liquid  Waste  Treatment 
Facility  (ILWTF)  at  HSAAP  does  not  provide  a  tertiary  mode  of  treatment  for 
the  removal  of  pollutant  chemicals  which  survive  primary  and  secondary  treat¬ 
ment.  There  is  evidence  that  1 ,2 ,3 ,4 ,5 ,6-hexahydro-l ,3 ,5-trinitro-l ,3,5- 
triazlne  (RDX) ,  1,2, 3, A, 5, 6, 7 ,8-octahydro-l ,3,5,7-tetranitro-l ,3,5,7- 
tetrazocine  (HMX),  and  2,4,6-trinitrotoluene  (TNT),  as  well  as  by-product 
nitramlnes  such  as  l-acetyl-l,2,3-,4,5,6-hexahydro-3,5-dinitrcs-l,3,5-triazine 
(TAX)  and  1 -acetyl-1 ,2 ,3,4 ,5 ,6,7 ,8-octahydro-3,5,7-trinitro-l ,3,5 ,7- 
tetrazoclne  (SEX)  will  survive  secondary  biological  treatment,  at  least  in 
part,  and  may  adversely  affect  aquatic  organisms  in  receiving  waters.  A 
problem  is  foreseen  in  complying  with  proposed  drinking  water  criteria1  of 
0.049  mg/L  for  TNT  and  0.035  mg/L  for  RDX/HMX  and  ambient  criteria  of  0.06 
mg/L  for  TNT  and  0*3  mg/L  for  RDX/HMX  for  protection  of  aquatic  life,  based  on 
studies  by  USAMBRDL. 

This,  the  fourth  in  a  series  of  studies  in  tertiary  treatment  technolo¬ 
gies  ,2”4  concerns  comparative  removal  rates  for  the  five  HSAAP  munitions 
production  wastewater  contaminants  by  ultraviolet  photolysis,  hydrogen  perox¬ 
ide  oxidation,  and  ultraviolet  photolysis  in  combination  with  hydrogen 
peroxide  oxidation.  Catalytic  agents  such  as  copper  and  iron  ions  or  ultra¬ 
sound  were  also  studied  to  determine  whether  they  could  facilitate  the 
destruction  of  munitions  production  wastewater  contaminants. 


Hydrogen  peroxide  in  the  presence  of  ultraviolet  light  is  broken  down  into 
radicals 


uv 

H202  ♦  2  OH 


(1) 


which  are  capable  of  abstracting  a  hydrogen  atom  from  a  munitions  molecule 

RH  +  OH*  -*•  R’  +  H20  (2) 

thereby  initiating  the  degradation  reactions.  Andrews5  reported  an  inhibitory 
effect  of  hydrogen  peroxide  upon  ultraviolet  photolysis  of  TNT  when  initial 
peroxide  concentrations  exceeded  0.5  percent.  Such  competitive  absorption  of 
ultraviolet  radiation  may  also  occur  due  to  the  presence  of  other  substances 
in  the  wastewater,  thereby  affecting  the  observed  rate  of  decomposition.  In 
this  respect,  it  is  Important  to  note  that  all  experiments  described  herein 
utilized  pure  compounds  in  glass  distilled,  deionized  buffered  water.  These 
experiments,  therefore,  address  feasibility  and  should  not  be  considered  a 
substitute  for  pilot  scale  studies  on  authentic  wastewaters. 


A  number  of  munitions  degradation  studies  have  been  completed  using  ultra¬ 
violet  radiation  in  combination  with  ozone.  However,  little  information 
exists  concerning  decomposition  of  munitions  utilizing  ultraviolet  radiation 
in  combination  with  hydrogen  peroxide.  Andrews5  found  that  0.05  percent 
hydrogen  peroxide  increased  the  removal  of  TNT  from  wastewater  irradiated  with 
ultraviolet  light.  The  production  of  nitrate-nitrogen  and  loss  of  total 
organic  carbon  was  reportedly  indicative  of  the  mineralization  of  TNT. 


5 


RESULTS  AND  DISCUSSION 


TREATMENT  WITH  HYDROGEN  PEROXIDE 

Reaction  rate  data  for  decomposition  of  munitions,  treated  as  a  mixture  in 
batch  type  operation,  as  a  function  of  hydrogen  peroxide  at  pH  5,  7,  and  9 
were  collected.  First  order  reaction  rate  constants  were  calculated  using 
exponential  regression  analysis.6  The  decomposition  rate  constants,  when 
rounded  off  at  three  decimal  places,  were  less  than  0.001  min'1  in  each 
case.  No  degradation  of  TNT,  HMX,  RDX,  SEX,  or  TAX  occurred  as  a  result  of 
hydrogen  peroxide  oxidation  at  pH  values  between  5  and  9.  Also,  copper  and 
iron  ions  or  the  cavitational  effect  of  ultrasound  had  no  effect  on  the 
ability  of  hydrogen  peroxide  to  oxidize  munitions  production  wastewater 
contaminants. 

EFFECT  OF  ULTRAVIOLET  RADIATION 

Figure  1  illustrates  the  decomposition  of  munitions  in  a  mixed  batch 
process  as  a  function  of  ultraviolet  irradiation  over  60  minutes.  RDX  was 
degraded  more  rapidly  than  the  other  nitramines  and  TNT.  TAX,  SEX,  and  HMX 
were  degraded  at  similar  rates,  and  TNT  was  the  most  stable  compound.  First 
order  reaction  rate  constants  were  calculated  for  each  substance  and  are 
reported  in  Table  1.  These  rate  constants  show  that  pH  had  no  effect  on 
decomposition  of  munitions  production  contaminants  by  ultraviolet  radiation 
between  pH  values  of  5  and  9.  Starting  concentrations  are  listed  in 
Appendix  A. 


TABLE  1.  UV  IRRADIATION  OF  MIXED  MUNITIONS 


Munition 

First  Order 

Reaction  Rate  Constants  ("l^in”*) 

pH  5 

pH  7 

pH  9 

TNT 

0.030 

0.035 

0.035 

(-0.998)8 

(-0.982) 

(-0.996) 

HMX 

0.049 

0.047 

0.049 

(-0.994) 

(-0.943) 

(-0.942) 

SEX 

0.049 

0.047 

0.052 

(-1.000) 

(-0.991) 

(-0.999) 

TAX 

0.050 

0.055 

0.047 

(-0.988) 

(-0.986) 

(-0.998) 

RDX 

0.065 

0.069 

0.063 

(-0.991) 

(-0.989) 

(-0.998) 

a.  Numbers  in  parentheses  are  correlation  coefficients. 


Figure  1 .  Destruction  of  mixed  munitions  by  ultraviolet 
radiation  at  pH  7  and  ambient  temperature. 


Figure  2  demonstrates  the  difference  in  decomposition  rates  when  pure  TNT 
solutions  are  exposed  to  ultraviolet  radiation  as  compared  to  solutions  con¬ 
taining  HMX,  SEX,  TAX,  and  RDX  as  well  as  TNT.  The  elevated  first  order 
reaction  rate  constant  observed  when  TNT  was  irradiated  in  the  presence  of 
nltramines  (Table  2)  was  apparently  a  consequence  of  radicals  produced  as  the 
nltramlne8  degraded.  This  is  not  unexpected  since  hydrogen  peroxide  can 
increase  TNT  photolytic  decomposition  rates,  most  likely  threugh  the 
production  of  radicals  (Equations  1-2). 
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Figure  2,  Destruction  of  TNT  by  ultraviolet 

radiation  at  pH  7  and  ambient  tempera¬ 
ture.  Correlation  coefficients  and 
pseudo-first  order  rate  constants  were 
-0.990  and  0.005  for  TNT,  and  -0.993 
and  0.031  for  TNT  in  solution  with  mixed 
munitions . 
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TABLE  2.  UV  IRRADIATION  OF  TNT  AT  pH  7 


First  Order  Reaction  Rate  Constants  (“kmin”*) 


Pure3  0.005  (-0.990)c 

Mixedb  0.031  (-0.993) 


a.  From  mean  values  of  6  trials. 

b.  From  mean  values  of  7  trials. 

c.  Numbers  in  parentheses  are  correlation 
coefficients . 


Another  factor  that  Influenced  the  decomposition  rates  was  the  initial 
concentration  of  TNT.  TNT  has  a  large  molar  absorption  coefficient  at  the 
wavelength  of  ultraviolet  light  being  used  (estimated  £954  “  10,715).  When 
TNT  absorbs  ultraviolet  light,  it  becomes  excited  and  theoretically  more 
reactive  with  radicals.  However,  the  absorption  of  ultraviolet  light  by  TNT 
inhibits  the  production  of  the  radicals  necessary  for  its  degradation. 

Table  3  supports  this  theory  by  showing  that  when  the  initial  TNT  concentra¬ 
tion  was  doubled,  its  first-order  degradation  rate  decreased  by  one-half. 
This  phenomena  was  also  observed  with  nitramines  where  Table  A-6  (and 
Reference  3)  shows  faster  degradation  rates  when  the  nitramines  were  treated 
individually. 


TABLE  3.  EFFECT  OF  INITIAL  TNT  CONCENTRATION  ON 


UV  PHOTOLYSIS  AT  PH  7 

Initial  Concentration 

First  Order  Reaction 

Rate  Constants  (”^in-^) 

20  mg/L 

0.005 

(-0.990)3 

40  mg/L 

0.002 

(-0.998) 

a.  Numbers  in  parentheses  are  correlation  coefficients. 


COMBINED  ULTRAVIOLET-HYDROGEN  PEROXIDE  TREATMENT 


Figure  3  shows  that  hydrogen  peroxide  at  concentrations  greater  than  or 
equal  to  0.1  percent  were  inhibitory  to  degradation  of  TNT  by  ultraviolet 
photolysis.  However,  0.01  percent  hydrogen  peroxide  enhanced  the  photolytic 
degradation  of  TNT.  Table  4  lists  the  calculated  first  order  reaction  rate 
constants  for  five  munitions  production  wastewater  contaminants.  In  each  case, 
initial  hydrogen  peroxide  concentrations  greater  than  or  equal  to  0.1  percent 
were  inhibitory  to  photolytic  destruction  of  munitions.  The  effect  of  the 
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Figure  3. 


Destruction  of  TNT,  in  mixed  munition  solutions, 
by  ultraviolet  radiation.  The  effect  oi  varying 
initial  hydrogen  prcroxide  concentration  is  shown. 


initial  hydrogen  peroxide  concentration  on  the  first  order  reaction  rate 
constants  for  photolytic  munitions  destruction  is  shown  in  Figure  4.  From 
Figure  4  it  can  be  concluded  that  hydrogen  peroxide  may  enhance  photolysis  of 
munitions  when  applied  at  initial  concentrations  between  0.01  and  0.03 
percent.  At  initial  hydrogen  peroxide  concentrations  greater  than  0.05 
percent,  inhibition  of  photolytic  munitions  destruction  occurred.  Table  4 
also  shows  the  increase  in  degradation  rates  when  munitions  were  treated  with 
ultraviolet  light  alone  or  in  combination  with  0.01  percent  hydrogen 
P®r°xide.  In  each  case,  the  addition  of  0.01  percent  hydrogen  peroxide 
slightly  enhanced  photolytic  degradation  of  munition  compounds. 
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INITIAL  HjtO^  CONCENTRATION,  % 


Figure  4.  The  degradation  rate  of  mixed  munitions  is  shown  to 
be  a  function  of  the  initial  hydrogen  peroxide 
concentration  during  ultraviolet  photolytic  processes. 
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TABLE  4.  H202  EFFECTS  ON  UV  PHOTOLYSIS  OF  MIXED 

MUNITIONS  AT  pH  7.0 


Munition 

First  Order  Reaction 

Rate  Constants 

x  h2o2 

TNT 

5.0 

0.000  (-0.940)8 

1.0 

0.002  (-0.998) 

0.1 

0.026  (-0.997) 

0.01 

0.038  (-0.993) 

0.0 

0.033  (-0.992) 

HMX 

5.0 

0.003  (-0.994) 

1.0 

0.011  (-0.991) 

0.1 

0.041  (-1.000) 

0.01 

0.060  (-0.979) 

0.0 

0.048  (-0.992) 

SEX 

5.0 

0.003  (-0.994) 

1.0 

0.009  (-0.985) 

0.1 

0.055  (-0.987) 

0.01 

0.070  (-0.999) 

0.0 

0.049  (-0.999) 

TAX 

5.0 

0.003  (-0.999) 

1.0 

0.009  (-0.995) 

0.1 

0.049  (-0.998) 

0.01 

0.063  (-0.998) 

0.0 

0.050  (-0.984) 

RDX 

5.0 

0.003  (-0.991) 

1.0 

0.012  (-0.996) 

0.1 

0.066  (-0.990) 

0.01 

0.087  (-0.992) 

0.0 

0.066  (-0.961) 

a.  Numbers  in  parentheses  are  correlation  coefficients. 


EFFECTS  OF  ULTRASOUND  AND  WATER  PURITY 


Table  5  shows  that  ultrasound  cavitational  processes  had  no  consistent 
effect  on  photolytic  decomposition  of  munitions.  Table  6  demonstrates  that 
photolytic  destruction  of  TNT  was  affected  by  other  substances  present  in  the 
wastewater.  The  degradation  rate  of  TNT  was  almost  doubled  by  the  addition  of 
guanidine.  Since  no  change  in  the  degradation  rate  was  observed  when  acetate 
or  ammonium  salts  were  added,  it  becomes  apparent  that  the  nature  of  the 
compounds  present  in  an  actual  waste  stream  will  determine  the  efficiency  of 
photolytic  processes  used  in  munitions  destruction. 
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TABLE  5.  EFFECT  OF  ULTRASOUND  ON  UV  PHOTOLYSIS  OF  MIXED  MUNITIONS  AT  pH  7 


Additives  used  at  2.2  x  10“^  M. 

Average  of  two  trials. 

Numbers  in  parentheses  are  correlation  coefficients. 


SUMMARY  AND  CONCLUSIONS 


The  use  of  ultraviolet  radiation  as  a  treatment  process  for  munitions 
production  contaminated  waters  must  be  based  upon  pilot  studies  using  authen¬ 
tic  wastewaters.  This  is  necessary,  as  actual  TNT  concentrations  and  other 
substances  that  absorb  ultraviolet  radiation  may  reduce  process  efficiency. 
Therefore,  realistic  degradation  rates  and  calculations  of  energy  requirements 
must  come  from  treatment  of  HSAAP  or  similar  wastewater.  This  study  does 
demonstrate  relative  munition  destruction  efficiencies  for  photolytlc, 
oxidative,  and  combined  photolytic-oxldative  processes. 

Hydrogen  peroxide  alone  had  no  effect  on  munitions  degradation.  Likewise, 
ultrasound  cavltatloral  processes  yielded  no  benefit  when  used  alone  or  when 
used  with  other  treatments.  Munitions  decomposition  was  unaffected  by  pH 
values  ranging  between  5  and  9  for  all  treatments. 

The  initial  TNT  concentration  affected  the  munitions  decomposition  rates 
by  absorption  of  ultraviolet  radiation.  Therefore,  calculated  rate  constants 
were  not  first  order  throughout  because  the  penetration  of  ultraviolet  radia¬ 
tion  Increased  as  TNT  concentrations  decreased.  However,  in  this  study, 
initial  TNT  concentrations  were  always  20  mg/L,  such  that  calculated  rate 
constants  are  relative. 

Hydrogen  peroxide  applied  at  initial  concentrations  greater  than  or  equal 
to  0.1  percent  were  inhibitory  to  ultraviolet  photolytlc  processes.  Hydrogen 
peroxide  applied  at  initial  concentrations  less  than  0.1  percent  enhanced 
munitions  decomposition  by  ultraviolet  photolysis  (e.g.,  by  production  of 
hydroxyl  radicals).  TNT  degradation  was  also  enhanced  when  photolytlc  treat¬ 
ment  of  munitions  was  carried  out  in  the  presence  of  nitramines. 

During  treatment  with  ultraviolet  radiation  in  combination  with  0.01 
percent  hydrogen  peroxide,  RDX  was  degraded  rapidly  (half-life  -8.0 
minutes).  HMX,  SEX,  and  TAX  (half-lives  ■  11.6,  9.9,  and  11.0  minutes, 
respectively)  were  destroyed  at  similar  rates,  but  more  slowly  than  RDX.  TNT 
(half-life  -  18.2  minutes)  decomposition  lagged  behind  all  other  munitions. 

It  must  be  remembered,  however,  that  munitions  wastewater  may  contain  con¬ 
stituents  which  inhibit  photolysis,  act  as  a  sink  for  radicals,  or  consume 
hydrogen  peroxide.  These  competing  processes  may  be  detrimental  to  optimal 
photolytlc  degradation  of  nitramines. 


EXPERIMENTAL  PROCEDURES 


MATERIALS 

RDX  and  HMX  were  provided  by  HSAAP  and  were  of  washed  crude  quality 
(Table  7).  Both  were  air  dried  to  constant  weight  before  use.  TAX  and  SEX 
were  prepared  by  SRI  International  by  methods  previously  described6  and  were 
used  as  received  (Table  7).  TNT  was  synthesized  at  USAMBRDL  and  recrystal- 
llzed  from  ethanol  (Table  7). 


Hydrogen  peroxide  was  purchased  from  Fisher  as  a  30  percent  solution  and 
diluted  to  test  concentrations. 

The  test  reactor  (Figure  5)  consisted  of  a  stainless  steel  column ,  78 
Inches  tall  and  6.6  Inches  In  diameter.  An  80-watt  ultraviolet  lamp  encased 
in  a  1-inch  diameter  quartz  sleeve  runs  vertically  through  the  center  of  the 
reactor  column  and  emits  radiation  at  a  wavelength  of  253.7  nm.  The  reactor 
column  was  fitted  with  an  Braunsonlc  1510  ultrasound  probe  located  2  inches 
from  the  base  of  the  column.  Mixing  was  achieved  by  recirculating  wastewater 
at  a  rate  of  8  liters  per  minute. 

METHODS 

Munitions  were  dissolved  in  20  liters  of  40°  to  50°C  distilled  deionized 
water.  These  solutions  were  stirred  overnight,  then  pumped  into  the  reactor 
column  and  treated  at  ambient  temperature  (20°  to  25°C).  Samples  were  col¬ 
lected  from  a  port  in  the  recycle  loop.  When  oxidants  were  used,  thiosulfate 
was  added  to  collection  bottles.  The  presence  of  hydrogen  peroxide  during 
experimental  trials  was  determined  by  adding  potassium  iodide  to  the  sample, 
then  acidifying  the  sample  with  IN  sulfuric  acid  and  titrating  with  either 
sodium  thiosulfate  or  phenylarsine  oxide  to  a  starch  end  point. 

Munitions  analyses  were  carried  out  by  high  performance  liquid  chroma¬ 
tography  (HPLC)  using  an  ultraviolet  absorption  detector,  as  described  by 
Brueggemann.7 
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TABLE  A-l.  TREATMENT  OF  COMPOUNDS 
WITH  1  PERCENT  H202 


Time  (min) 

pH  5.0 

pH  9.0 

HMX,  mg/L 

0 

0.58 

1.05 

10 

0.49 

0.85 

20 

0.60 

1.16 

40 

0.59 

1.00 

60 

0.68 

1.05 

TNT,  ag/L 

0 

20.0 

20.8 

10 

19.3 

20.3 

20 

19.4 

20.4 

40 

19.4 

20.4 

60 

19.4 

20.4 

RDX,  mg/L 

0 

19.3 

13.8 

10 

19.0 

13.5 

20 

19.0 

13.2 

40 

19.1 

13.5 

60 

19.1 

13.6 

SEX,  mg/L 

0 

4.13 

4.58 

10 

4.17 

4.48 

20 

4.40 

4.43 

40 

4.46 

4.49 

60 

4.47 

4.55 

TAX  mg/L 

0 

20.4 

20.2 

10 

18.8 

19.4 

20 

18.8 

19.4 

40 

18.8 

19.4 

60 

18.8 

19.3 
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TABLE  A-2.  TREATMENT  OF  MUNITIONS  COMPOUNDS  AT  pH  7.0  WITH  1  PERCENT  HjO, 
PLUS  COPPER  IONS,  IRON  IONS,  OR  ULTRASOUND  ‘  * 


Tine  (min) 

50  mg/L  Copper 

50  mg/L  Iron 

Ultrasound 

0 

4.76 

HMX 

4.73 

4.80 

10 

4.60 

4.58 

4.67 

20 

4.58 

4.59 

4.72 

40 

4.56 

4.61 

4.80 

60 

4.56 

4.62 

4.94 

0 

19.8 

TNT 

19.8 

20.0 

10 

19.2 

17.6 

19.3 

40 

19.2 

17.7 

19.5 

60 

19.2 

17.7 

19.7 

0 

20.1 

RDX 

20.0 

20.0 

10 

19.1 

19.0 

19.3 

40 

18.5 

19.0 

19.4 

60 

18.2 

18.9 

19.6 

0 

5.71 

SEX 

5.68 

5.69 

10 

5.50 

5.41 

5.50 

20 

5.49 

5.46 

5.54 

60 

5.49 

5.43 

5.68 

0 

20.0 

TAX 

19.9 

19.9 

10 

19.1 

18.9 

19.3 

40 

19.0 

18.9 

19.6 

60 

18.9 

18.9 

19.7 

22 
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TABLE  A-3.  TREATMENT  OF  MIXED  MUNITIONS  WITH  UV  ONLY 


Time  (min)  TNT  TAX  RDX  HMX  SEX 


Concentration,  mg/L  at  pH  5.0 


0 

20.1 

20.3 

19.6 

5.85 

5.32 

10 

15.3 

13.5 

11.1 

4.11 

3.27 

20 

11.7 

8.77 

6.20 

2.67 

1.96 

30 

8.96 

5.47 

3.31 

1.38 

1.20 

40 

6.48 

3.34 

1.33 

0.86 

0.75 

50 

4.73 

1.45 

<1.06 

0.55 

<0.55 

60 

3.36 

1.16 

<1.06 

<0.53 

<0.55 

Concentration.  mg/L  at  pH  7.0 


0 

19.6 

20.55 

20.75 

3.30 

3.44 

5 

16.8 

15.23 

13.99 

2.17 

2.51 

10 

14.6 

12.10 

10.19 

1.75 

2.13 

20 

10.8 

7.04 

4.78 

0.99 

1.20 

30 

8.87 

5.19 

3.30 

0.90 

0.88 

40 

5.78 

2.38 

1.18 

<0.52 

<0.52 

50 

3.61 

1.19 

<1.15 

<0.52 

<0.52 

60 

2.31 

<1.03 

<1.15 

<0.52 

<0.52 

Concentration,  n 

lg/L  at  pH 

9.0 

0 

20.3 

20.5 

20.2 

5.37 

5.41 

10 

15.4 

13.7 

11.6 

3.88 

3.40 

20 

11.5 

8.66 

6.04 

2.57 

1.93 

30 

8.68 

5.53 

3.23 

1.77 

1.17 

40 

6.37 

3.36 

1.57 

0.63 

0.66 

50 

4.51 

1.98 

<1.06 

<0.53 

<0.55 

60 

3.07 

<1.09 

<1.06 

<0.53 

<0.55 

TABLE  A-4.  TREATMENT  OF  MIXED  MUNITIONS  WITH 
I  PERCENT  H202  +  UV  AT  pH  7.0 


Concentration,  mg/L 


Time  (min) 

TNT 

TAX 

SEX 

RDX 

0 

20.9 

20.9 

4.37 

21.1 

5 

19.8 

19.3 

4.08 

19.3 

10 

19.6 

18.3 

3.82 

18.1 

20 

19.2 

16.5 

3.41 

16.1 

30 

18.9 

15.4 

3.21 

14.9 

40 

18.5 

13.9 

2.86 

12.9 

60 

17.7 

11.5 

2.28 

9.9 

TABLE  A- 5 
WITH  5 

.  TREATMENT  OF 
PERCENT  H202  + 

MIXED 
UV  AT 

MUNITIONS 
pH  7.0 

Concentration, 

rag/L  _ 

Time  (min) 

TNT 

TAX 

RDX 

HMX 

0 

■■ 

fKwTjWj 

20.7 

20.9 

3.52  t 

5 

fBK£El 

19.9 

3.42 

10 

20.4 

20.0 

19.6 

3.39 

20 

20.4 

19.4 

19.0 

3.31 

30 

20.3 

18.9 

18.6 

3.22 

40 

20.3 

18.4 

18.0 

3.11 

60 

20.2 

17.3 

16.6 

2.99  : 
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TABLE  A-6.  TREATMENT  OF  COMPOUNDS  WITH  UV  ONLY 

*T  pH  7.0 


Concentration,  mg/L 

Time  (min) 

TNT 

RDX  TAX  HMX 

SEX 

0 

18.8 

19.6 

20.0 

1.25 

3.24 

10 

18.2 

0.51 

0.78 

<0.46 

0.78 

20 

17.6 

<0.48 

<0.50 

<0.46 

<0.50 

30 

16.8 

<0.48 

<0.50 

<0.46 

<0.50 

40 

16.1 

<0.48 

- 

- 

- 

50 

15.2 

<0.48 

- 

- 

- 

60 

14.3 

<0.48 

- 

- 

- 

TABLE  A-7. 

TREATMENT 

OF  MIXED  MUNITIONS  WITH  UV  +  0.05% 
AT  pH  7.0 

Concentration,  mg/L 

Time  (min) 

TNT 

RDX  TAX  HMX 

SEX 

0 

16.4 

18.9 

19.4 

1.69 

3.77 

10 

13.6 

10.5 

12.6 

1.11 

2.28 

20 

10.6 

5.82 

7.90 

0.75 

1.30 

30 

8.56 

3.21 

5.00 

0.53 

0.61 

40 

6.06 

1,30 

3.01 

<0.46 

0.46 

50 

4.52 

<1.00 

1.72 

<0.46 

<0.45 

60 

3.49 

<1.00 

1.02 

<0.46 

<0.45 

TABLE  A-8. 

TREATMENT 

OF  MIXED  MUNITIONS  WITH  UV  +  0.01%  H202 
AT  pH  7.0 

Concentration,  mg/L 

Time  (min) 

TNT 

RDX  TAX  HMX  SEX" 

0 

15.5 

18.9 

19.7 

1.88 

3.69 

10 

11.4 

8.38 

11.00 

0.89 

1.84 

20 

8.42 

3.99 

6.08 

0.57 

0.86 

30 

5.79 

1.34 

3.20 

<0,46 

0.46 

40 

3.83 

<1.03 

1.53 

<0.46 

<0.45 

50 

2.27 

<1.03 

<1.03 

<0.46 

<0.45 

60 

1.74 

<1.03 

<1.03 

<0.46 

<0.45 
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TABLE  A-9.  TREATMENT  OF  MIXED  MUNITIONS 
WITH  UV  +  50  WATTS  ULTRASOUND 


Time  (min) 

TNT 

RDX 

TAX 

HMX 

SEX 

0 

17.7 

17.0 

16.8 

3.24 

4.45 

10 

15.0 

8.22 

9.69 

1.87 

2.56 

20 

11.82 

3.67 

5.32 

1.04 

1.33 

30 

9.20 

1.65 

2.89 

0.57 

0.63 

40 

7.46 

0.52 

1.47 

<0.47 

<0.47 

50 

5.70 

<0.50 

0.65 

<0.47 

<0.47 

60 

3.90 

<0.50 

<0.50 

<0.47 

<0.47 

TABLE  A- 10. 
WITH  UV 

TREATMENT  OF 
+  250  WATTS 

MIXED  MUNITIONS 
ULTRASOUND 

Concentration,  mg, 

/L  at  pH  7.0 

Time  (min) 

TNT 

RDX 

TAX 

HMX 

SEX 

0 

18.6 

19.1 

18.6 

4.42 

4.09 

10 

15.3 

9.14 

10.7 

2.46 

2.37 

20 

12.1 

4.00 

5.98 

1.14 

1.24 

30 

9.23 

1.74 

3.02 

0.47 

<0.47 

40 

7.01 

1.00 

2.30 

<0.47 

<0.47 

50 

4.90 

<0.50 

0.84 

<0.47 

<0.47 

60 

3.75 

<0.50 

<0.50 

<0.47 

<0.47 

TABLE  A-ll.  TREATMENT  OF  TNT  WITH  UV  +  ADDED 
ORGANIC  SUBSTRATE  AT  pH  7.0 


Time  (min) 

Additives8/ TNT  Concentration,  mg/L 

None 

Acetate 

Guanidine 

H2°2 

nhaci 

0 

37.6 

18.9 

18.8 

14.4 

20.7 

10 

36.9 

18.4 

17.4 

10.6 

20.2 

20 

36.2 

17.9 

15.6 

7.11 

19.68 

30 

35.4 

17.3 

14.3 

4.34 

18.9 

40 

34.7 

16.7 

13.0 

2.50 

18.2 

50 

34.0 

15.9 

11.6 

1.39 

17.5 

60 

33.2 

15.1 

10.2 

0.75 

16.6 

a.  Additives  were  used  at  initial  concentrations  of  2.2x10"^  M. 


TABLE  A-12.  EFFECT  OF  INITIAL  TNT  CONCENTRATION 
ON  UV  TREATMENT  AT  pH  7.0 


Time  (min) 

Concentration,  mg/L 

0 

20.2 

45.3 

10 

19.3 

44.6 

20 

18.4 

44.2 

30 

17.5 

43.7 

40 

16.5 

43.3 

50 

15.5 

42.7 

60 

14.4 

42.5 

75 

ND8 

41.5 

90 

ND 

40.9 

110 

ND 

39,7 

a.  ND  ■  Not  done. 
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